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REVISION DOCUMENTATION 

 

Revision 1.0 – Performed by URS on 7/19/12 

 

The revision of this test report includes revised mass emission rates for CPM, PM10and PM2.5. 

The cause for the revision is based on the original Excel spreadsheet used to calculate the mass 

emission rates. The cells within the Summary of Results in the spreadsheet used to report the 

concentration and mass emission rate of CPM were not populated with the correct number 

produced by the spreadsheet calculations. Because the CPM is added to both the PM10 and PM2.5, 

the reported results for these parameters were incorrectly reported as well. The issue was 

resolved by correcting the input to the CPM cells within the Summary of Results. 

 

Affected pages include: 

 

 Table 1-1, page 1-2 

 Table 2-1, page 2-1 

 Appendix B, EPA Method 201/202 Summary of Results 

 

None of the required revisions cause the source to be out of compliance with current operating 

permit requirements.  

 

Revision 1.1 – Performed by URS on 10/3/12 

 

The first revision of this test report includes revised mass emission rates for NOx and CO. The 

cause for the revision is due to the CEM operator including part of the final bias check 

calibration data in the average concentration for test run 3. When the incorrect data was removed 

from the average, it yielded a higher overall concentration for NOx and a slightly lower overall 

concentration for CO. 

 

Affected pages include: 

 

 Table 1-1, page 1-2 

 Table 2-1, page 2-1 

 

The second revision of this test report includes revised concentrations used in the CEM bias 

check at the conclusion of test run 3, which is provided in Appendix C. The CEM operator did 

not confirm that the value from the run 2 post check was carried forward to the initial Run 3 

initial check. The value in the spreadsheet showed an incorrect bias for all the CEMs. This error 

did not impact any test results, but is being corrected to provide accurate data for the CEM 

testing. 

 

Another revision of Appendix C includes correcting a typo made by the CEM operator on the 

CEM’s Compliance Data. The header for O2 and CO2 were reversed on the original report. This 

error did not impact any test results because the correct O2 and CO2 concentrations were used in 

the actual emission rate calculations. 

 

Affected pages include the entire Appendix C has been replaced to include the corrected data and 

include additional CEM raw data. 
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1. INTRODUCTION 

 

 URS Corporation (URS) performed a series of emission tests at Gateway Energy & Coke 

Company (GECC) on May 30, 2012, to demonstrate continued compliance for the main 

baghouse stack. The tests were performed using the methods and procedures listed in the 

Construction Permit (119040ATN, October 23, 2009) and as described in the Intent to Test 

Notification submitted to the Illinois Environmental Protection Agency (IEPA) dated April 23, 

2012.  

 

 Personnel on-site during the tests included: 

 

 Justin Prien, Environmental Manager, GECC; 

 Kevin Mattison, IEPA; and 

 Michael Mowery, Source Sampling Manager, URS Corporation. 

 

 This report summarizes the test results for the Main Stack in Section 2 and lists the test 

methods in Section 3. Section 4 provides information regarding the project quality assurance 

(QA)/quality control (QC) procedures. The appendices contain process data (Appendix A), field 

and analytical data and calculations (Appendices B and C), URS calibration information 

(Appendix D), and a copy of the Intent to Test Notification provided to IEPA. 

 

1.1 Process Description 

 

 There are 120 ovens at GECC that operate on a 48-hour coking cycle. The operating 

schedule is arranged such that half the ovens are charged each day. For example, the 60 even-

numbered ovens are charged one day and the 60 odd-numbered ovens are charged the next. The 

daily production cycle consists of charging the 60 ovens over one production shift. Since 

emissions from the ovens are essentially continuous, testing on the main stack could be 

performed anytime. The actual tests were scheduled such that the runs included both times of 

production (pushing and charging) and no production. 

 

 GECC utilizes the Jewell-Thompson heat recovery oven to manufacture metallurgical 

coke. In coke production the volatile fraction of the coal is driven off in a reducing atmosphere. 

Coke is essentially the remaining carbon and ash. In heat recovery ovens, all the coal volatiles 
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are oxidized by the heat that is generated by the coking process. The waste exhaust gases 

generated by the coke ovens are ducted to heat recovery steam generators (HRSG) that recover 

heat from the oven waste gases and are used to super heat steam that drives a power generating 

turbine. After passing through the HRSGs the cooled gases pass through a lime spray 

dryer/baghouse system prior to being exhausted from the main stack. 

 

 Table 1-1 summarizes the results of the tests performed on the main baghouse stack 

during the compliance test. The test results demonstrate that the Main Stack is in compliance 

with all limits. 

 

Table 1-1 

Compliance Demonstration 

Stack Tests at Gateway Energy & Coke Company (May 30, 2012) 

Emission Unit Pollutant Emission Limit Measured Value Comply? 

Main Stack 

Baghouse 

Filterable PM
 

0.005 gr/dscf 0.0025 gr/dscf Yes 

PM10 
a 28.3 lb/hour and 

0.011 gr/dscf 

7.52 lb/hour and  

0.0037 gr/dscf 
Yes 

PM2.5 
b 

N/A 
6.60 lb/hour and 

 0.0032 gr/dscf 
N/A 

Lead 0.02 lb/hour 0.005 lb/hour Yes 

NOx 125 lb/hour 94.01 lb/hour Yes 

CO 26.2 lb/hour 0.74 lb/hour Yes 

VOM 5.6 lb/hour <0.01 lb/hour 
c 

Yes 
a
 Includes PM2.5 and condensable PM. 

b
 Includes condensable PM. 

c
 VOM was non-detectable at 0.1 ppm. 
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2. TEST RESULTS 

 

 The results of the stack tests for the main stack are provided in Table 2-1. Test run 3 was 

performed during production (pushing and charging).  

 

Table 2-1 

Main Stack Compliance Test Results 

Parameters Run 1 Run 2 Run 3 Average  

  Date 5/30/12 5/30/12 5/30/12  

  Test Time 10:48 – 13:25 13:55 – 16:04 19:02 – 24:00  

  Duration of Test (minutes) 120 120 120 120 

  Average Tons of Coal Charged per Oven 46.81 46.81 46.81 46.81 

  Stack Gas Temperature (°F) 297 285 262 281 

  Stack Gas Moisture Content (%) 22.1 21.2 20.3 21.2 

  O2 (%) 5.1 5.5 7.5 6.0 

  CO2 (%) 10.8 10.6 9.2 10.2 

 Gas Flowrate (as measured by the Method 5/12 sampling train) 

ACFM 433,109 404,402 425,365 420,959 

DSCFM 231,524 222,364 243,821 232,570 

Pretest Cyclonic Flow Check (degrees)    0.875 

 Particulate Matter 

   Sample Volume (dscf) 73.130 68.095 73.511 71.579 

Isokinetic (%) 102.5 99.4 97.8 99.9 

Filterable PM Conc. (gr/dscf) 0.0021 0.0019 0.0034 0.0025 

Filterable PM Emission Rate (lb/hour) 4.23 3.67 7.06 4.99 

 CPM , PM10, PM2.5 

  Duration of Test (minutes) 119.7 117.5 123.4 120.2 

Sample Volume (dscf) 40.399 41.666 42.083 41.383 

Isokinetic (%) 104.1 113.7 101.1 106.3 

PM10 Conc.(gr/dscf) 0.0035 0.0043 0.0032 0.0037 

PM10 Emission Rate (lb/hour) 7.26 8.53 6.77 7.52 

PM2.5 Conc. (gr/dscf) 0.0031 0.0038 0.0027 0.0032 

PM2.5 Emission Rate (lb/hour) 6.31 7.58 5.91 6.60 

CPM Conc.(gr/dscf) 0.0027 0.0036 0.0025 0.0029 

CPM Emission Rate (lb/hour) 5.68 7.14 5.28 6.03 

 Lead 

Lead Conc. (ppm) 0.0007 0.0005 0.0007 0.0006 

Lead Emission Rate (lb/hour) 0.005 0.004 0.005 0.005 

 Gaseous Emissions 

NOx Concentration (ppm) 45.46 49.91 53.78 49.72 

NOx Emission Rate (lb/hour) 75.46 79.56 94.01 83.01 

CO Concentration (ppm) 0.13 0.87 1.16 0.72 

CO Emission Rate (lb/hour) 0.13 0.84 1.24 0.74 

VOM Concentration (ppm – dry) ND ND ND ND 

VOM Emission Rate (lb/hour) ND ND ND ND 
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3. TEST METHODS 

 

 The sampling methods used during the tests are summarized in Table 3-1.  

 

Table 3-1 

Test Method Summary 

Pollutant Test Method Comment 

Traverse point layout EPA Method 1  

Gas flowrate EPA Method 2  

Gas molecular weight EPA Method 3A  Includes O2 and CO2. 

Moisture EPA Method 4  Included in isokinetic trains. 

Filterable PM EPA Method 5  Combined with Method 12. 

Lead EPA Method 12  Combined with Method 5. 

Condensable PM EPA Method 201  Combined with Method 202. 

PM10/2.5 EPA Method 202  Combined with Method 201. 

NOx EPA Method 7E  

CO EPA Method 10  

VOM EPA Method 25A  

 

 Each test method used for this compliance test program was based on standard 

methodology taken from the latest version of 40 Code of Federal Regulations (CFR) 60, 

Appendix A. These test methods were presented in the Intent to Test Notification submitted to 

IEPA prior to the compliance test except as noted. Detailed descriptions of the sampling trains 

and methods used are provided in the following sections. 

 

3.1 EPA Reference Methods 1 and 2 – Volumetric Flow Rate 

 

 Environmental Protection Agency (EPA) Methods 1 and 2 were used to determine the 

sampling traverse layout and stack gas volumetric flow rate at the sampling location. A velocity 

traverse was conducted at discrete points during each test run at each designated traverse point. 

A calibrated S-type Pitot tube and an inclined manometer were used to measure the velocity 

pressure. A calibrated type “K” thermocouple was used to measure the stack gas temperature at 

each traverse point. Utilizing the measured stack gas molecular weight and the moisture content, 

the standard (Qstd) and actual volumetric flow rates were calculated in accordance with the 

formulas found in EPA Reference Method 2. 
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 As part of the pre-test activities, measurements were made to determine whether cyclonic 

flow conditions were present in the stack. In order to determine the presence of cyclonic flow, a 

cyclonic flow check was performed according to EPA Method 1 sampling procedures. The 

cyclonic flow measurements performed on the stacks indicated that minimal cyclonic flow was 

present. 

 

3.2 EPA Reference Method 3A – Stack Gas Molecular Weight 

 

 The stack gas oxygen (O2) and carbon dioxide (CO2) concentrations were determined in 

accordance with EPA Reference Method 3A using a Servomex 1400 O2 and CO2 gas analyzer. 

The resulting O2 and CO2 concentrations were used to calculate the molecular weight of the 

stack gas. A description of the sampling equipment used for this testing is provided in Section 

3.6. 

 

3.3 EPA Reference Method 4 – Stack Gas Moisture Content 

 

 The moisture content (%), Bwo, of the stack gas was determined in accordance with EPA 

Reference Method 4. The Method 4 sampling was incorporated with each Method 5/12 and 

201/202 isokinetic sampling train used for the compliance testing. A detailed description of this 

sampling is included in Section 3.4. 

 

3.4 EPA Reference Method 5 & 12 – Filterable Particulate Matter and Lead 

 

 The filterable PM testing was performed in accordance with EPA Method 5. The PM 

sampling was performed by extracting a sample of the stack exhaust gas stream through a 

Teflon-lined stainless steel button-hook nozzle attached to heated glass liner encased in a 

stainless steel sampling probe. The probe was attached to a heated, glass filter holder containing 

a pre-weighed, quartz-fiber filter. The filter heater box and sample probe were maintained at a 

temperature of 248 
o
F +25 

o
F. After leaving the filter holder, the gas stream sample passed 

through an impinger train set up according to EPA Method 5 guidelines.  

 

 The sample train was modified in order to collect both filterable PM and lead in the same 

train as allowed by EPA Method 12. The only modification on the Method 5 sampling train 
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required to include lead was replace the water normally placed in the first two impingers with 

0.1N nitric acid. The first impinger was a modified Smith-Greenburg containing 100 ml of 0.1N 

nitric acid. The second impinger was a Smith-Greenburg also containing 100 ml of 0.1N nitric 

acid. The third impinger was a modified Smith-Greenburg that was initially left empty. The 

fourth impinger was a modified Smith-Greenburg containing approximately 200 grams of 

indicating silica gel. Prior to performing the test run, the impingers were weighed before 

assembling the sample train. 

 

 The outlet of the fourth impinger was connected to a last impinger connector containing 

an immersed thermocouple used to measure the gas sample temperature as it exited the sampling 

train. The last impinger connecter was attached to a flexible umbilical cord that carried the 

sample gas to the control console prior to being exhausted to atmosphere. The control console 

contained the sample pump, dry gas meter, calibrated orifice meter, thermocouple readouts, and 

heat controls for the sampling train. Figure 3-1 is a schematic of the Method 5/12 sample train. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-1. Schematic of Method 5/12 Sample Train 
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 Sampling was performed by placing the sample probe into the stack and locating the 

nozzle at the first sample traverse point. The test run was started and a sample of stack gas was 

drawn into the sample train at a pre-determined isokinetic sampling rate based on the measured 

stack gas flow rate and temperature taken at each sample point. A total of 24 sampling points 

equally divided between 4 sampling ports were used to collect a representative sample across the 

stack.  

At the conclusion of the PM/Lead test run the sample train probe was removed from 

the stack and a final leak check performed.  After the leak check, the sample train was 

recovered using the procedures described below:  

 Nozzle and Probe – The nozzle and probe was rinsed and brushed three times using 

reagent grade acetone.  The rinsate was collected into a sample container. The nozzle 

and probe were then rinsed with 0.1N nitric acid into a separate sample container. 

 Filter Holder – The filter was removed from the filter holder and placed into a Petri 

dish.  The Petri dish was sealed with Teflon tape to prevent loss or contamination of 

the sample.  The front half of the filter holder was then rinsed and brushed three times 

with reagent grade acetone.  The acetone rinsate was then added to the nozzle/probe 

wash sample collection container. The glassware was then rinsed with 0.1N nitric acid 

into the separate 0.1N nitric acid nozzle/probe wash sample container. 

 Impingers – Each impinger was removed from the sample train and weighed to 

determine moisture gain. The contents of the first three impingers were transferred to a 

sample storage container. They were then rinsed with 0.1N nitric acid and the rinse 

was added to the impinger sample container. The silica gel in the fourth impinger was 

recovered for regeneration.  

A sample of the acetone and 0.1N nitric acid used in the sample train recovery was 

collected for a reagent blank.  The reagent blanks were analyzed in the same manner as the field 

samples.  
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The filters and probe washes will be analyzed by URS as described below. 

  

 Filter – The filter was analyzed by opening the petri dish containing the filter and 

placing the Petri dish into a desiccator and dried for a minimum of 24 hours.  The filter 

was then weighed twice or until a constant weight was achieved.  

 Probe Wash – The acetone probe wash, and acetone reagent blank, were emptied into 

pre-weighed sample dishes.  The samples were then allowed to dry at ambient 

temperature and pressure inside a laboratory hood.  Once dried, the sample dishes 

were placed into a desiccator and dried for a minimum of 24 hours. The sample dishes 

were then weighed twice or until a constant weight was achieved. 

After the probe washes were analyzed, an aliquot of 50 ml of 0.1N nitric acid was poured 

into each sample dish to rehydrate the probe wash. The samples were then poured into the 

corresponding 0.1N nitric acid probe wash sample containers for each test run. The 

combined probe wash samples were then delivered to Test America for subsequent lead 

analysis along with the filters. 

 

 The weight gain of the acetone blank was subtracted from the acetone probe wash 

weight gain. The corrected probe wash weight gain was added to the weight gain of the filter. 

This combined weight gain was used to calculate the PM concentration and mass emission 

rate. The results from the lead analysis were used to calculate the mass emission rate for lead. 

3.5 EPA Method 201/202 – PM10 / PM2.5 & CPM 

 

 The PM10 and PM2.5 fractions of PM in the main stack, along with condensable 

particulate matter were measured using an EPA Method 201/202 sampling train. The 201/202 

sampling train consisted of a Method 201 two-stage cyclone separator head attached to the probe 

of a Method 2025 sampling train. The cyclones are designed to allow particles smaller than a 

certain diameter to pass through the cyclone, with the larger particles being trapped in a 

collection cup located at the bottom of the cyclone. The first cyclone separated out particles 
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larger than 10 microns and the second stage cyclone separated out particles larger than 2.5 

microns. The sampling rate at which the test was run was based on a pre-calculated nozzle 

diameter provided in the test method. The sampling rate remains at the same rate at each sample 

traverse point, and the amount of time at each sample traverse point is determined by the Delta P 

measured divided by the total Delta P readings for all the sample traverse points. 

 

 The 202 sampling train consisted of four glass impingers. Figure 3-2 is a schematic of the 

EPA Method 201/202 sample train. The first impinger was a short-stemmed modified Smith-

Greenburg which was initially left empty. The second impinger was a long-stemmed modified 

Smith-Greenburg which was also empty. These two impingers were placed into a container of 

ambient-temperature water. A jacketed coil condenser was connected from the outlet of the 

sample probe to the inlet of the first impinger. Water from the water container was circulated 

through the coil condenser during the test run.  

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-2. Schematic of EPA Method 201/202 Sample Train 
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 The outlet of the second impinger was connected to a glass filter holder containing a 

Teflon membrane filter. The outlet of the filter holder was connected to the inlet of impinger 

number 3, which was a modified Smith-Greenburg containing 100 ml of distilled water. The 

outlet of the third impinger was connected to the inlet of impinger number four, which was a 

modified Smith-Greenburg containing approximately 200 grams of indicating silica gel. The 

remainder of the sample train was identical to the EPA Method 5 sampling previously described. 

 

 At the conclusion of each 201/202 sample test run, the sample head was disassembled 

and the PM fraction between the 10 micron and 2.5 micron heads was recovered as the PM10 

sample. The PM fraction between the 2.5 micron head and the final filter was collected and is 

representative of the PM2.5 sample. 

 

 The impinger train was recovered by replacing the short stem in the first impinger with a 

standard modified stem and connecting the inlet of the first impinger to a bottle of ultra-pure 

nitrogen. The train was then purged with nitrogen at a rate of 14 L/minute for one hour. At the 

conclusion of the purge, the short stem was placed back into the first impinger and the train was 

disassembled and weighed for moisture determination. After the impingers were weighed, the 

contents of the first two impingers were transferred into a sample container. The impingers were 

rinsed with distilled water and the rinsate was added to the sample container. The Teflon filter 

was then removed from the filter holder and placed into a petri dish and sealed. The front of the 

filter holder was rinsed with distilled water and the rinsate was added to the impinger sample 

container. The contents of the third impinger were discarded and the silica gel in the fourth 

impinger was collected for regeneration. 

 

 The Method 202 impinger samples were sent to Enthalpy Analytical for subsequent 

analysis for organic and inorganic condensable particulate matter according to Method 22 

analytical requirements. 

 

 In order to determine the mass emission rates of PM10, PM2.5 and CPM, the calculated 

mass emissions of CPM were added to the PM2.5 emissions. The PM10 mass emission rate was 

calculated by adding the emissions of both the CPM and PM2.5 to the PM10 emissions. 
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3.6 Gaseous Sampling 

 

 A single continuous emission monitor (CEM) sampling system was utilized to perform 

gaseous sampling on the main stack. The sampling system consisted of a heated metal probe that 

was used to extract the gas sample from the main stack. A heated 3/8-inch Teflon line 

transported the sample from the point of extraction to the non-contact gas conditioning chiller 

system. The moisture was condensed and removed from the gas stream, while the pollutant 

passed through to the gaseous analyzers. Just prior to the inlet of the gas conditioner, a separate 

insulated sample line was used to extract a smaller sample of stack gas for the volatile organic 

matter (VOM) CEM. The VOM CEM requires the sample gas to remain above the moisture dew 

point for proper analysis. Each analyzer was located in a temperature-controlled sampling trailer 

to minimize thermal affects on the calibration of the instruments. Each reference method CEM 

was connected to an Environmental Systems Corporation datalogger for collection of data. One-

minute averages of each reference method CEM was recorded throughout the compliance test 

period. 

 

 The concentration and mass emission rate of nitrogen oxide (NOx), carbon monoxide 

(CO) and VOM in the gas stream were measured and reported in parts per million by volume 

(ppmv) on a dry basis, and in pounds per hour, respectively. The emission rate was calculated 

using the specific run-time average concentration in ppmv, the dry standard volumetric flow rate 

and the Ideal Gas Law. 

 

 The NOx concentration for the main stack was sampled using a TECO chemiluminescent 

NO-NOx gas analyzer. The NOx sampling conformed to procedures presented in EPA 40 CFR 

60, Appendix A, Method 7E. 

 

 The CO concentrations were sampled and determined using an API Model 300E gas filter 

correlation analyzer. The CO sampling conformed to procedures presented in 40 CFR 60, 

Appendix A, Method 10. 

 

 The VOM concentrations were sampled using a JUM Flame Ionizing Detector gas 

analyzer. The VOM sampling conformed to procedures presented in EPA 40 CFR 60, Appendix 
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A, Method 25A. Figure 3-3 is a schematic of the CEM sampling system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-3. Schematic of CEM Sampling System 

 

 Prior to performing the compliance test, the CEMs were calibrated with a zero nitrogen 

gas along with a mid-level and high-level Relative Accuracy Test Audit (RATA) class 

calibration gases. Section 4.6 describes the methodology used for CEM calibration. A 

stratification check for each stack gas that was monitored was performed across the main stack. 

No significant stratification was found in the stack, which allowed the CEM sampling to be 

performed at a single point within the stack. 
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4. QUALITY ASSURANCE/QUALITY CONTROL 

 

 The objective of URS’s QA Program is to ensure the accuracy and precision, as well as 

reliability, of the data collected and generated for URS’s clients and to meet the data quality 

objectives of regulatory or accrediting bodies. Management, administrative, statistical, 

investigative, preventive, and corrective techniques were employed to maximize the reliability of 

data. 

 

 A strict QA/QC program was adhered to during the performance testing. Before actual 

sampling on-site, all the sampling equipment was thoroughly checked to ensure that each 

component was clean and operable. Any damaged or faulty equipment was tagged and removed 

from service until it could be repaired. If any corrective actions were taken in response to these 

QC checks or in response to supervisor review of QC procedures, the corrective action taken was 

documented in a field QA/QC logbook. 

 

 Proper equipment calibration is essential in maintaining the desired data quality level. All 

calibrations of the equipment used in the stack sampling portion of the testing conformed to the 

guidelines outlined in the EPA QA handbook, Quality Assurance Handbook for Air Pollution 

Measurement Systems, Volume III, Stationary Source Specific Methods (EPA-600/4-77-027a). 

The following sections give a synopsis of the calibration procedures for the main components of 

the stack sampling systems.  

 

4.1 Dry Gas Meters/Orifice Meters 

 

 The dry gas meter and critical orifice in the control console used during the testing were 

calibrated before and after the compliance test to ensure accurate measurements of the sample 

gas volumes. The dry gas meter and critical orifice are normally housed as a set inside each 

control console and were calibrated as such. The dry gas meter was calibrated against a 

secondary standard dry gas meter, which is a calibrated annually against a primary standard wet 

test meter. 

 

 The dry gas meter was calibrated at predetermined, nominal volume flow settings. For 

each of these flow rates, an accuracy ratio factor to the calibration standard (Yi) was computed 
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for the dry gas meter. A successful calibration for a particular dry gas meter would be achieved if 

each value of Yi was within 2% of the average value of Yi (Yi = Y ±0.02Y). 

 

 In order to establish calibration for the critical orifice, a calibration coefficient (∆H@I) 

was calculated for each flow rate. This coefficient is the orifice pressure differential (in inches 

H2O) at a distinct orifice manometer setting that gives a flow of 0.75 ft
3
/min of air at standard 

conditions. The desired tolerance for this coefficient is ±0.2 of the average value of the four 

values of ∆H@I (∆H@ ±0.2). If any of the pre-test calibration coefficients for a particular critical 

orifice violates the acceptance criteria, the critical orifice in question would be replaced and 

calibrated.  

 

4.2 Thermocouples and Thermocouple Readouts  

 

 All thermocouples used during the stack sampling tests were calibrated to ensure accurate 

temperature measurements. All the sensors utilized were type “K” thermocouples, which have a 

working range of approximately -300 °F to approximately 2,500 °F. These sensors were used in 

the measurement of stack gas temperature, probe temperature, filter box temperature, and 

impinger train outlet temperature. The thermocouples were calibrated against an NITS traceable, 

mercury-in-glass thermometer at predetermined temperatures. In order to obtain the calibration 

data from each sensor a single, recently calibrated, thermocouple readout was used. 

 

 The thermocouple readout contained in the control console used during the testing was 

calibrated using a thermocouple temperature simulator. This calibration apparatus generates a 

voltage signal that mimics the signal an ideal “K” type thermocouple would exhibit at a 

particular temperature. The signal can be changed via a slide switch. The readout was calibrated 

at 10 different points from 200 °F through 2,000 °F, at increments of 200 °F.  

 

4.3 Barometer 

 

 The field barometer used during the test was an electronic barometer. This barometer was 

calibrated by comparing it to a standard mercury column barometer and adjusting it if any 

deviation existed between it and the standard. This exercise was performed both before and after 

the testing activities. 
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4.4 Analytical Balance  

 

 The field analytical balance that was used to weigh the impingers was checked before 

building and recovering the sample trains using certified standard weights. The balance used to 

weigh the filters and probe wash cups was calibrated with S-class certified weights prior to 

weighing the samples. 

 

4.5 Pitot Tubes  

 

 To ensure accurate measurements of the exhaust gas flow, the S-type Pitot tubes used 

during the compliance testing were calibrated against a standard Pitot tube using a wind tunnel. 

The basis for the calibration is described in 40 CFR 60, Appendix A, Method 2. 

 

4.6 Continuous Emission Monitors 

 

The reference method analyzers were calibrated with EPA-approved RATA Class 

calibration gases prior to the beginning of the test series and after each compliance test run. The 

initial calibration error checks were performed at the beginning of the test run series in 

accordance with the specific reference method applicable to the analyzer. After the successful 

completion of the initial calibration error check, a system bias check was performed.   

 

 Zero, mid, and high point calibration bias checks were performed prior to the beginning 

of the compliance test runs. The bias check is a comparison of instrument response to gas 

introduced into the analyzer with gases routed throughout the entire sampling system. The 

maximum allowable bias is 5% of the span. After the bias check was performed, the analyzers 

were not adjusted during the compliance tests, unless an analyzer failed the drift check. No 

analyzers failed the drift check. 

 

 The drift checks were performed on each analyzer by introducing the mid-range 

calibration gas and the zero nitrogen. The maximum allowable calibration drift is 3% of the span. 

Calibration drift was determined by comparing the before run and after run values. The test data 

values were corrected for bias and calibration drift. The following calculation, as cited in the 
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reference method, was used to correct the measured concentrations for bias and instrument 

calibration drifts: 
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Where: 

 

 Cgas = effluent gas concentration, dry basis, ppmv; 

 Canz = average gas concentration indicated by the gas analyzer, dry basis, ppmv; 

 Co = average of initial and final system calibration bias check responses for the zero 

gas, ppmv; 

 Cm = average of initial and final system calibration bias check responses for the 

upscale calibration gas, ppmv; 

 Cma = actual concentration of the upscale calibration gas, ppmv. 

 

 Response time tests were performed in conjunction with the bias checks. The response 

time test was performed by measuring the time it took for each analyzer to reach 95% of the 

concentration of the high range calibration gas. The zero gas was then introduced into the sample 

system, and the amount of time it took for the analyzer to reach a 95% reduction in scale reading 

was measured. The greater of these two readings was recorded as the response time for that 

analyzer. 




















































































































































































































































































































































































